PPAR δ (peroxisome proliferator-activated receptor δ) mediates inflammation in response to lipid accumulation. Systemic administration of a PPAR δ agonist can ameliorate atherosclerosis. Paradoxically, genetic deletion of PPAR δ in hematopoietic cells led to a reduction of atherosclerosis in murine models, suggesting that downregulation of PPAR δ expression in these cells may mitigate atherogenesis. To advance this finding forward to potential clinical translation through hematopoietic stem cell transplantationbased gene therapy, we employed a microRNA (miRNA) approach to knock down PPAR δ expression in bone marrow cells followed by transplantation of the cells into LDLR −/− mice. We found that knockdown of PPAR δ expression in the hematopoietic system caused a dramatic reduction in aortic atherosclerotic lesions. In macrophages, a key component in atherogenesis, knockdown of PPAR δ led to decreased expression of multiple pro-inflammatory factors, including monocyte chemoattractant protein-1 (MCP-1), interleukin (IL)-1β and IL-6. Expression of CCR2, a receptor for MCP-1, was also decreased. The downregulation of pro-inflammatory factors is consistent with significant reduction of macrophage presence in the lesions, which may also be attributable to elevation of ABCA1 (ATP-binding cassette, subfamily A, member 1) and depression of adipocyte differentiate-related protein. Furthermore, the abundance of both MCP-1 and matrix metalloproteinase-9 proteins was reduced in plaque areas. Our results demonstrate that miRNA-mediated PPAR δ knockdown in hematopoietic cells is able to ameliorate atherosclerosis.
INTRODUCTION
Peroxisome proliferator-activated receptors (PPARs α, γ and δ) function as ligand-dependent transcription factors that mediate a broad range of important metabolic functions. PPARs heterodimerize with the retinoid X receptor and then bind to specific regions on DNA of target genes to modulate their transcription. 1 PPARs may act through mechanisms of transactivation, transrepression or corepression to regulate expression of target genes. [2] [3] [4] For example, the PPAR γ agonist thiazolidinedione induces adiponectin expression by transcriptional activation of its promoter, 2, 5 whereas PPARs downregulate expression of proinflammatory factors such as interleukin (IL)-6 and IL1-β via transrepression. 2 PPAR agonists have emerged as important therapeutic agents that modulate plasma lipids and glucose homeostasis, and their metabolic benefits are expected to translate into reduced cardiovascular disease events.
Compared with other PPAR isoforms, PPAR δ has been less studied. Recent data indicated that PPAR δ has a beneficial role in both hypertriglyceridemia and insulin resistance. [6] [7] [8] In addition, PPAR δ suppresses inflammatory reactions initiated by macrophages via DNA-independent mechanisms-inhibiting nuclear factor-κB, activator protein-1, signal transducer and activator of transcription 3 and nuclear factor of activated T-cell signaling pathways 6, [9] [10] [11] [12] [13] [14] or liberating B-cell lymphoma 6 protein to repress inflammatory gene expression on ligand binding or genetic deletion of PPAR δ . 15 Collectively, these studies suggest that PPAR δ is becoming a potential therapeutic target for atherosclerosis, which is a result of both lipid accumulation and inflammatory reaction. PPAR δ agonists may have an atheroprotective role by promoting endothelial cell survival, 16 ,17 preventing endothelial cell dysfunction, 18, 19 upregulating ABCA1 (ATP-binding cassette, subfamily A, member 1) expression 20 and inhibition of angiotensin II-mediated activation of the pro-atherogenic mitogen-activated protein kinases, p38 and extracellular signal-regulated kinase 1/2. 21 Indeed, −/− mice treated with the PPAR δ agonist GW0742X showed a marked attenuation of atherosclerosis, with a concomitant decrease in monocyte chemoattractant protein-1 (MCP-1) and intercellular vascular adhesion molecule-1. 16, 22 Surprisingly, Li et al. 23 demonstrated that systematic administration of PPAR δ agonist in −/− mice failed to inhibit lesion development and foam cell formation, undermining the efficacy of systemic application of PPAR δ agonist in treatment of the disorder. On the other hand, transplantation of bone marrow cells with PPAR δ genetic deletion leads to remarkable inhibition of aortic atherosclerotic lesion formation in animal model via inhibiting macrophage-dependent inflammatory reactions without affecting plasma lipid profiles. 15 This finding suggests that genetic regulation of PPAR δ expression in bone marrow cells, apart from systemic activation of PPAR δ by agonists, may provide a new approach to reducing atherosclerosis. In this study, we hypothesized that PPAR δ knockdown in hematopoietic cells, macrophages in particular, can protect against atherogenesis and provide a new potential gene therapy approach for atherosclerotic cardiovascular diseases. To test this hypothesis, bone marrow stem cells infected with lentiviruses expressing specific microRNA (miRNA) against PPAR δ were transplanted into −/− mice. The effects of PPAR δ knockdown in hematopoietic cells, in particular macrophages, on the formation of atherosclerosis were investigated.
RESULTS
Validation of miRNA-mediated PPAR δ knockdown Two sequences from PPAR δ mRNA were selected as miRNA targets to direct construction of Lenti-PPAR δ -miRNA vectors. The negative control plasmid Lenti-Ctl-miRNA was also constructed at the same time. Mouse myoblast C2C12 cells that highly express PPAR δ were used initially to test the knockdown efficiency of these vectors. C2C12 cells were transfected with each construct and analyzed by western blotting. Compared with Lenti-Ctl-miRNA, the construct of Lenti-PPAR δ -miRNA expressing sequence A (see Materials and Methods) knocked down target gene expression significantly (data not shown). Therefore, we use this construct to further validate its knockdown efficiency in the form of viral particles. When C2C12 cells were infected with Lenti-PPAR δ -miRNA virus, the expression of PPAR δ protein was reduced by more than 90% in comparison with Lenti-Ctl-miRNA virus (Figure 1a) . To examine specificity of the miRNA-mediated PPAR δ knockdown, bone marrow-derived macrophages (BMDM) were infected with the indicated viruses and expression of PPAR δ , PPAR α and PPAR γ was determined by western blotting (Figure 1b) . The results indicated that the PPAR δ miRNA was able to efficiently knock down PPAR δ expression, while having little effect on expression of either PPAR α or PPAR γ in BMDM. Real-time PCR analysis also showed that Lenti-PPAR δ -miRNA virus-mediated PPAR δ knockdown in BMDMs can reach about 80% at the transcriptional level (Figure 1c ). PPAR δ knockdown in bone marrow hematopoietic cells ameliorates atherosclerosis To investigate the effects of PPAR δ knockdown on the development of atherosclerosis, donor bone marrow cells enriched for hematopoietic stem cells were infected with either Lenti-PPAR δ -miRNA or Lenti-Ctl-miRNA virus and then transplanted into irradiated female −/− mice. Beginning 4 weeks post transplant, the recipient mice were fed with an atherogenic diet for 8 weeks and then euthanized for tissue collections. Mice transplanted with Lenti-PPAR δ -miRNA-modified bone marrow cells showed an average 35% reduction of atherosclerotic lesions at the aortic root as revealed by oil red O staining, compared with mice transplanted with Lenti-Ctl-miRNA (Figures 2a and b) . Moreover, the intensity of CD68 immunostaining in atherosclerotic lesions showed a significant reduction in the recipients of Lenti-PPAR δ -miRNA-transduced bone marrow cells versus those in the recipients of Lenti-Ctl-miRNA-transduced bone marrow cells (Figures 2c and d) , suggesting a decreased content of macrophages in atherosclerotic lesions. As PPAR δ has a regulatory role in metabolism in vivo, the body weights were recorded during the entire experimental period. There was no significant weight difference between the two groups of mice (data not shown) nor was there a significant difference in food consumption, suggesting that hematopoietic PPAR δ knockdown was generally well tolerated under these conditions. PPAR δ knockdown has little effect on plasma lipid levels, but alters expression of ABCA1 and adipocyte differentiate related protein in macrophages As the action of PPAR δ agonists on lipid metabolism in vivo has been controversial, [23] [24] [25] total cholesterol and triglycerides were measured in plasma of both the Lenti-PPAR δ -miRNA and Lenti-Ctl-miRNA recipient mice. No significant difference was observed between the two groups in amounts of either plasma cholesterol or triglycerides (Figure 3a) . ABCA1 mediates the efflux of cholesterol and phospholipids from cells to lipid-poor apolipoproteins (apo-A1 and apoE) to form nascent high-density lipoproteins. As ABCA1 is responsible for reverse cholesterol Figure 1 . Validate miRNA-mediated PPAR δ knockdown. (a) C2C12 cells were infected with the lentiviruses expressing control and PPAR δ miRNA (sequence A). After 48 h, the cells were collected and expression of endogenous PPAR δ was determined using western blot analysis. (b) Specific PPAR δ knockdown. BMDM were infected with the indicated miRNA and the expression levels of PPAR δ, α and γ were determined using western blot analysis (In a and b, the numbers indicate the relative expression of the indicated proteins after normalization to β-actin).
(c) The expression of endogenous PPAR δ in BMDM infected with indicated viruses was determined by real-time PCR. The mRNA levels in BMDM infected with Lenti-PPAR δ -miRNA were normalized to those in BMDM infected with Lenti-Ctl-miRNA (**P o0.01).
transport from macrophages in aortic lesion sites and adipocyte differentiate-related protein enhances foam cell formation, 26 we compared the expression of these two genes in peritoneal macrophages from the two groups using quantitative PCR. Peritoneal macrophages with PPAR δ knockdown displayed significantly increased ABCA1 expression and decreased adipocyte differentiate-related protein expression (Figure 3b ), implying that PPAR δ knockdown may inhibit foam cell formation in vivo and thus suppress the process of atherogenesis. PPAR δ knockdown decreases expression of MCP-1 and MMP-9 in atherosclerotic lesions, as well as macrophages The migration of monocytes into the arterial subendothelial space is a critical event in atherogenesis and MCP-1 is a potent mediator of this process. Interestingly, either genetic depletion or pharmacological activation of PPAR δ in macrophages leads to inhibition of MCP-1 promoter activity through derepression or activation, respectively, of PPAR δ target genes, as well as mitigation of atherosclerosis. 15, 22 Thus, we inferred that the levels of MCP-1 might be reduced in aorta root lesion area of the recipients transplanted with Lenti-PPAR δ -miRNA bone marrow cells. As expected, immunostaining against MCP-1 showed deceased expression in the atherosclerotic plaques of mice receiving Lenti-PPAR δ -miRNA compared with those of mice receiving Lenti-Ctl-miRNA ( Figure 4a ). Matrix metalloproteinases (MMPs) are involved in atherosclerosis by remodeling the vasculature and promoting vulnerable plaque development. The expression of MMP-9 was decreased in atherosclerotic plaques in mice receiving Lenti-PPAR δ -miRNA ( Figure 4a) . Similarly, the expression levels of both MCP-1 and MMP-9 were decreased significantly in peritoneal macrophages of mice receiving Lenti-PPAR δ -miRNA-transduced bone marrow cells compared with those of control mice receiving Lenti-Ctl-miRNA-transduced bone marrow cells (Figure 4b) , consistent with the reported findings in PPAR δ -deficient macrophages. 15 PPAR δ knockdown represses expression of proinflammatory factors in macrophages Among proinflammatory factors, both tumor necrosis factor-α (TNFα) and IL-6 have critical roles for atherogenesis. 27 Therefore, we examined TNFα and IL-6 levels in plasma and BMDMs. Although the levels of TNFα and IL-6 in plasma showed no difference between the two groups (data not shown), the expression of IL-6 at the transcript level was decreased in peritoneal macrophages of Lenti-PPAR δ -miRNA mouse group (Figure 5a ). PPAR δ knockdown in BMDMs also led to reduced expression of IL-6 and IL-1β with or without PPAR δ agonist. The agonist administration further reduced the expression levels of both factors under the condition of PPAR δ downregulation (Figures 5b and c) , suggesting further liberation of B-cell lymphoma 6 protein under this condition. accumulation and atherogenesis. A previous study demonstrated that genetic deletion of CCR2 leads to impaired macrophage recruitment into the arterial wall, despite lipid accumulation, and blocks the development of atherosclerosis in animal model. 30 Therefore, we asked whether PPAR δ knockdown inhibits CCR2 expression in BMDMs. As shown in Figure 6 , PPAR δ knockdown in BMDMs reduced the expression of CCR2 regardless of the presence of the PPAR δ agonist. Nevertheless, the agonist enhanced PPAR δ knockdown-mediated inhibition of CCR2 expression in BMDMs ( Figure 6 ). DISCUSSION PPAR δ agonists have been emerging as potential agents for treatment of atherosclerotic diseases. Studies demonstrated that PPAR δ agonists, including GW1516, GW0742, GW0742X and L-165041, are able to repress atherogenesis in animal models through modulating lipid metabolism, macrophage-mediated inflammation, vascular smooth muscle cell proliferation and migration, and attachment of adhesion molecules on vascular endothelial cells. 16, 22, 31, 32 As PPAR δ is highly expressed in various tissues, including the colon, small intestine, liver, heart, spleen, skeletal muscle, lung, brain and thymus, 33, 34 systemic PPAR δ activation by its agonists may cause unpredictable adverse effects. In addition, recent studies showed that PPAR δ is strongly expressed in certain cancer cells, although its potential role in carcinogenesis remains controversial. [35] [36] [37] [38] [39] [40] [41] [42] Moreover, the PPAR δ agonist GW50156 induces activation of proinflammatory macrophages (M1) but not anti-inflammatory macrophages (M2). 43 Finally, the existence of PPAR δ genetic polymorphisms complicates the consideration of PPAR δ agonists as anti-atherosclerosis agents; for example, the +294T/C polymorphism of the PPAR δ gene associates with risk of coronary artery disease in normolipidemic Tunisians. 44 Taken together, concerns about the efficacy and safety of systemic PPAR δ agonist administration for treatment of atherosclerosis prompted us to seek a new therapeutic approach to this disease process.
As monocytes derived from bone marrow cells contribute to macrophage or foam cell accumulation in atherosclerotic plaque, we developed a novel means to achieve specific regulation of PPAR δ expression in bone marrow hematopoietic cells and evaluated its impact on the development of atherosclerosis in animal models. In this study, we employed miRNA technology to knock down the expression of PPAR δ in hematopoietic stem cellcontaining bone marrow cells that were then transplanted into atherosclerosis-prone −/− mice. We demonstrated that in the −/− mouse model, PPAR δ knockdown in hematopoietic blood cells: (i) reduced atherosclerotic development by 35% compared with control group (Figures 2a and b) , without an influence on the plasma lipid profile ( Figure 3a) ; (ii) impaired macrophage recruitment to atherosclerotic lesions ( Figure 2c) ; (iii) led to decreased expression of proinflammtory factors and adhesion molecules ( Figures 4 and 5) ; and (iv) increased ABCA1 expression in peritoneal and BMDMs (Figure 3b ). These changes occurred without significant alternations in either food consumption or body weight of the recipient animals. The decrease in macrophage recruitment and reduction of proinflammatory factors in atherosclerosis lesions may reinforce each other to attenuate the progression of atherogenesis when PPAR δ expression is downregulated in hematopoietic cells. The decreased content of macrophages in atherosclerosis lesions may be due to PPAR δ knockdown-mediated inhibition of expression of MCP-1 and CCR2 in macrophages (Figures 4a and 6) . 30, 45 We observed that the PPAR δ knockdown group exhibited reduced MMP-9 expression compared with the control group using immunohistochemical assessment of atherosclerotic lesions (Figure 4a, lower panel) , which may impede remodeling of vasculature and thus mitigate atherosclerotic progression. Repression of IL-6 and IL-1β expression in macrophages ( Figure 5 ) would also contribute to inhibition of local inflammation and amelioration of vascular endothelial cell dysfunction due to lipid accumulation. 46, 47 In summary, our research suggests a potential new therapeutic approach to atherosclerosis based on miRNA-mediated PPAR δ knockdown in hematopoietic blood cells, including macrophages.
This therapy would overcome unwanted side effects associated with the pan-action of PPAR δ agonists administrated systemically. The existence of PPAR δ polymorphisms [48] [49] [50] further emphasizes this consideration. Recent advances in basic and clinical investigations on lentiviral hematopoietic stem cell gene therapy encourage its extension to cardiovascular disorders.
MATERIALS AND METHODS

Generation of construct and virus preparation
Using Invitrogen miRNA design program, two PPAR δ mRNA target sites were selected and their miRNA oligo sequences designed as follows: first PPAR δ miRNA sequence: top strand: tgctgttctggatcttgcagatccgagttttg gccactgactgactcggatctaagatccagaa, bottom strand: cctgttctggatcttagat ccgagtcagtcagtggccaaaactcggatctgcaagatccagaa (sequence A); second PPAR δ miRNA sequence, top strand: tgctgttctttagccactgcatcatcgttttggc cactgactgacgatgatgctggctaaagaa, bottom strand: cctgttctttagccagcatc atcgtcagtcagtggccaaaacgatgatgcagtggctaaagaa (sequence B). The top and bottom strands were annealed followed by cloning into pcDNA6.2-GW/EmGFP-miroRNA vector using BP Clonase II Enzyme Mix (Carlsbad, CA, USA). The resulting pcDNA6.2-GW/EmGFP-PPAR δ miRNA plasmids and the scrambled miRNA expression plasmid (provided by Invitrogen, Carlsbad, CA, USA) were reacted with pDONR221 donor vector and pLenti6/V5-DEST vector using LR Clonase II enzyme Mix (Carlsbad, CA, USA), to produce a lentiviral expression clone, that is, pLenti6/EmGFP-PPAR δ -miRNA or pLenti6/EmGFP-Ctl-miroRNA (all vectors were provided by Invitrogen). The clones were further identified by sequence analysis.
Viruses were prepared as previously described. 51 Briefly, plasmid Lenti-PPAR δ -miRNA or Lenti-Ctl-miRNA (short for pLenti6/EmGFP-PPAR δ -miRNA or pLenti6/EmGFP-Ctl-miroRNA, respectively) with packaging plasmids pMDLg/p.RRE, pRSV-Rev and pMD.G were co-transfected into 293T cells in the ratio of 10:6:1.5:2.5. The supernatants containing viruses were collected at 36 and 72 h post transfection, respectively. The supernatants were filtered through 0.45-μm pore size filters. For in-vitro infection use, the supernatants were concentrated 20-fold by high-speed centrifugation at 56 000 g for 90 min and the viral pellets were resuspended in Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum or macrophage growth medium depending on downstream experiments. Lenti-Ctl-miRNA, solid bars: Lenti-PPARδ-miRNA) were subjected to incubation in Dulbecco's modified Eagle's medium supplemented with 10% lipoprotein-deficient serum (LPDS) overnight, followed by dimethyl sulfoxide (DMSO; vehicle) or GW501516 (0.1 μM) treatment for 24 h. The cells were collected for total RNA isolation. The relative mRNA levels of CCR2 in BMDM were determined by real-time PCR (*Po0.05 and **P o0.01).
For bone marrow cell transplantation use, the supernatants were concentrated 1000-fold by 3 rounds of high-speed centrifugation at 56 000 g for 90 min and finally at 72 000 g for 90 min.Viral pellets were resuspended in StemPro-34 SFM (Invitrogen) and stored at − 80°C for downstream use.
Cell culture 293T and C2C12 cells were purchased from ATCC (Manassas, VA, USA) and identified for free of mycoplasma. Both cell lines were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum. BMDMs were prepared as follows. Mouse bone marrow cells were flushed from the femora and tibia followed by adding red blood cell lysis buffer to remove erythrocytes. The cells were cultured in Dulbecco's modified Eagle's medium containing 10% fetal bovine serum, 20% horse serum and 20% L929 cell conditioned medium for 7 days. The formation of BMDMs was validated by examination of CD11b expression. The procedure for preparation of BMDMs infected with lentiviruses expressing miRNA is as follows. The bone marrow cells were maintained in specific macrophage growth medium at the density of 2.5 × 10 6 per ml (5 × 10 6 per well) for 3 days and then non-adherent cells were removed; the adherent cells were thrice rinsed with phosphate-buffered saline (PBS) followed by addition of 20-fold concentrated viruses for infection. After 24 h, the media containing viruses were removed and the cells were thrice washed with PBS before addition of fresh macrophage medium. The cells were continued to incubate at 37°C until day 7 for deriving into macrophages. BMDMs were subjected to incubation with Dulbecco's modified Eagle's medium supplemented with 10% lipoprotein-deficient serum overnight before PPAR δ agonist treatment. Elicited peritoneal macrophages were obtained 4 days after intraperitoneal injection of a 3.0-ml volume of thioglycolate. Briefly, peritoneal macrophage cells were collected by lavage with 5 ml of ice-cold RPMI supplemented with 2 mmol l − 1 L-alanyl-L-glutamin, 1% (V/V) non-essential amino acids and penicillin/streptomycin (100 IU ml − 1 and 100 μg ml − 1 ), respectively. The cells were incubated for 4 h and nonadherent cells were removed by washing with medium. The adherent cells were collected as peritoneal macrophages for downstream analysis.
Immunoblotting
The cells were thrice washed with PBS and then collected by centrifugation. The cell pellets were resuspended in lysis buffer containing 25 mM Tris-HCl pH 7.4, 0.5 mM EDTA, 0.5 mM EGTA, 0.05% Triton X-100, 10 mM β-mercaptoethanol plus protease inhibitors. The cells were disrupted by ultrasonication. The lysates were collected by centrifugation and loading buffer was added. The samples were boiled for 5 min and then resolved by 12% SDS-polyacrylmide gel electrophoresis. The proteins were blotted onto nitrocellulose membrane. The expression levels of PPAR δ , PPAR α and PPAR γ were measured using anti-PPAR δ , PPAR α and PPAR γ -specific antibodies (sc-7197, sc-9000 and sc-7196, Santa Cruz Biotechnology, Santa Cruz, CA, USA) at a dilution of 1:500, respectively. The immunoblotting was performed in three independent experiments. Quantitative PCR Total RNA was isolated using TRIzol reagent (Invitrogen) and reverse transcribed using iScript cDNA synthesis Kit (Bio-Rad Laboratory, Hercules, CA, USA). The synthesized cDNA was used as a template for quantitative PCR analysis by SYBR green method. The primer sequences for quantitative PCR are listed in Table 1 . Real-time PCR analysis was performed in triplicate with three independent experiments.
Bone marrow cell transduction and transplantation C57BL/6J mice were injected intravenously with 5-fluoruracil (110 mg kg − 1 ) 4 days in advance before collecting bone marrow cells. Bone marrow cells were maintained in Stempro medium containing 6 ng ml − 1 of mIL-3, 10 ng ml − 1 of hIL-6, 10 ng ml − 1 of mIL-1α and 100 ng ml − 1 of mouse stem cell factor overnight. 52 Before bone marrow transplantation, the cells were exposed to concentrated viruses containing the above factors in retronectin-coated 24-well plates for 5 h. Eight-week-old female LDL receptordeficient mice (on C57BL/6J background, purchased from Jackson Laboratory, Bar Harbor, ME, USA) were irradiated (950 cGy) with a cesium gamma source and then divided randomly into two groups (16 mice per group) with comparable body weight. Lenti-PPARδ-miRNA-or Lenti-CtlmiRNA-transduced hematopoietic stem cell-enriched bone marrow cells (8 × 10 6 ) were transplanted by tail vein injection. All studies were performed with the approval of the University of Texas Health Science Center at San Antonio Institutional Animal Care and Use Committee.
Development of atherosclerosis and lesion analysis
Allowing donor marrow cells to repopulate for 4 weeks with chow, the recipient animals were then fed with atherogenic diet containing 15.8% fat and 1.25% cholesterol (Harlan Teklad diet 94059, Madison, WI, USA) ad libitum for 8 weeks and killed for atherosclerotic lesion analysis. The mice were anesthetized during operation. Atherosclerotic lesions were analyzed by oil red O staining. The mean lesion area for each animal was determined in five sections (10 μm per section) taken every 40 μm through the aortic valve with 300 μm span length using NIH ImageJ software (NIH, Bethesda, MD, USA). Based on our and other's previous studies, 12 mice per group were used for assessment of atherosclerosis formation. Quantification of atherosclerotic lesion size was assessed by two blinded investigators following the same criteria.
Lipid determination
The mice were fasted overnight before blood collection for plasma lipid analysis. Plasma cholesterol and triglycerides were determined by enzymatic assay following the supplier's instructions (Thermo DMA, Arlington, TX, USA, and Thermo Trace Ltd, Melbourne, VIC, Australia). Determination of TNFα and IL-6 in plasma
The levels of TNFα and IL-6 in plasma were determined using enzymelinked immunosorbent assay method following the manufacturer's description (OptEIA Sets, Pharmingen, San Diego, CA, USA).
Immunohistochemistry
Standard avidin-biotin complex method was employed to localize CD68, MCP-1 and MMP-9 in 10-μm-thick frozen sections of the aorta. Briefly, sections dried at room temperature for 30 min were washed in PBS and treated with 0.3% hydrogen peroxide to inhibit endogenous peroxidase activity. The sections were washed again in PBS for 15 min and incubated in 1% bovine serum albumin in PBS containing 0.3% Triton X-100 (blocking solution). Sections were then incubated with rabbit polyclonal antibodies against CD68, MCP-1 and MMP-9 (Santa Cruz Biotechnology) at 1:50 dilution overnight at 4°C. Sections were rinsed in PBS for 10 min and incubated with biotinylated goat anti-rabbit secondary antibody for 40 min, followed by avidin-biotin complex (Vectastain ABC kit, Vector Laboratories, Burlingame, CA, USA). 3-Amino-9-ethyl carbazole (SigmaAldrich, St Louis, MO, USA) was used as chromogen to visualize the reaction product; reddish brown precipitate indicated the presence of CD68, MCP-1 and MMP-9 in the tissue sections. Sections were washed in distilled water and mounted in glycerol gelatin. Optical densities of the CD68+ cells per area were measured using NIH ImageJ software (NIH).
Statistical analysis
All numerical results are expressed as means ± s.d. derived from three independent experiments, unless otherwise stated. Statistical analyses were performed after establishment of similarity of the variance between groups using one-way analysis of variance (GraphPad Prism 5.03, GraphPad Software Inc., La Jolla, CA, USA) and statistically significant differences were established as Po0.05.
